Very little detailed biomechanical examination of the alignment of the cervical spine following laminoplasty has been reported. We performed a comparative study regarding the bucklingtype alignment that follows laminoplasty and laminectomy to know the mechanical changes in the alignment of the cervical spine. Lateral images of plain roentgenograms of the cervical spine were put into a computer and examined using a program we developed for analysis of the buckling-type alignment. Sixty-four patients who underwent laminoplasty and 37 patients who underwent laminectomy were reviewed retrospectively. The subjects comprised patients with cervical spondylotic myelopathy (CSM) and those with ossi®cation of the posterior longitudinal ligament (OPLL). The postoperative observation period was 6 years and 7 months on average after laminectomy, and 5 years and 6 months on average following laminoplasty. Development of the buckling-type alignment was found in 33% of patients following laminectomy and only 6% after laminoplasty. Development of buckling-type alignment following laminoplasty appeared markedly less than following laminectomy in both CSM and OPLL patients. These results favor laminoplasty over laminectomy from the aspect of mechanics.
Introduction
In 1930, Eiselberg 1 reported a case of postoperative kyphosis of the spine following laminectomy from the 9th thoracic vertebra to the 2nd lumbar vertebra for the treatment of intramedullary tumor. Since that time a risk of inducing postoperative deformities with wide range-laminectomy, such as kyphosis and swan-neck curvature, has frequently been indicated. 2 ± 6 The fundamental principle underlying laminoplasty devised by Hattori 7 is optimum conservation of the posterior supporting elements in the cervical spine and prevention of weakening of the structural support. Successful laminoplasty must overcome the problems of laminectomy. To con®rm the superiority of laminoplasty, many observations on morphology of the cervical spine have been performed. However, few detailed biomechanical examinations regarding alignment of the cervical spine have been done. Buckling is a term indicating concentrated mechanical stress to a certain portion of the material, resulting from abnormal alignment that brings with it a risk of degradation of materials. 8 The alignment, which causes the buckling is called buckling-type alignment. We examined the problem of postoperative abnormal alignment from the aspect of the presence or absence of buckling-type alignment.
Analytical method of buckling-type alignment
We developed a new method for the analysis of buckling-type alignment of the spine as follows. Three neighboring cervical vertebral bodies are considered as a segment unit of the spine, and the top and bottom margins of each vertebral body are expressed as data in an X-Y orthogonal coordinate system. Approximation of the six points of the neighboring three vertebral bodies is performed by a cubic polynomial equation, Y=ax 3 +bx 2 +cx+d, using the least-squares method. 9 ± 11 From the 3rd to the 7th cervical vertebrae, a total of ®ve vertebral bodies, three cubic curves are drawn on the coordinate system ( Figure 1) . By comparing the slopes of lines tangential to these cubic curves, it is possible to judge whether or not neighboring vertebral bodies are continuous. When the slope of any line tangential to the cubic curves is changed from positive to negative at a certain position of the cervical spine, buckling is occurring there. The absolute value obtained using a two-step dierential analysis of the cubic polynomial formula indicates the degree of buckling, and the locus of buckling is depicted on the graph. In addition, lateral images of spinal roentgenograms are put into a computer and spinal dynamics examined using a program for analysis of the buckling alignment. Analytical results are depicted on a TV monitor. Analytical time for one subject is about 2 min, and the analysis can be performed with an ordinary portable computer.
Materials and methods
The subjects were 64 patients (39 men and 25 women) who underwent laminoplasty in our institution, and 37 patients (19 men and 18 women) who underwent laminectomy in our institution during the same time period. Laminoplasty was performed according to our modi®ed Hattori method, an alternative one-side opening method (Figure 2 ). After removal of postoperative drain, patients were allowed to walk wearing a conventional collar.
The subjects comprised patients with cervical spondylotic myelopathy (CSM) and those with ossification of the posterior longitudinal ligament (OPLL) but without tumor or trauma. Laminoplasty was undergone for 36 CSM patients and 28 OPLL patients. Laminectomy was undergone for 13 CSM patients and 24 OPLL patients. Patients who underwent surgery during a certain time period were randomly allocated into two groups to avoid bias. With respect to the ossi®cation type proposed by the Investigation Committee on Ossi®cation of the Spinal Ligaments of the Japanese Ministry of Public Health and Welfare, 12 the continuous type was found in 16 patients (57%), the mixed type in seven patients (25%) and the segmented type in ®ve patients (18%) among OPLL patients who underwent laminoplasty. As to the ossi®cation type in those who underwent laminectomy, the continuous type was found in ten patients (42%), the mixed type in nine patients (38%) and the segmented type in ®ve patients (20%). In both surgical groups, the continuous and mixed types that exhibited wide-range ossi®cation comprised the main portion of patients. The mean age at the time of surgery in the laminoplasty group was 59.5 years, and that in the laminectomy group was 57.1 years. Regarding the surgical range, surgery to the 3rd cervical vertebra and below was performed in 49 patients in the laminoplasty group and 26 cases in the laminectomy group. The number of patients who underwent surgery that included the 2nd cervical vertebra was 15 in the laminoplasty group and 11 in the laminectomy group.
The patients were examined for changes in the state of curvature of the cervical spine and the presence or absence of buckling-type alignment. The postoperative observation period was 6 years and 7 months on average after laminectomy, and 5 years and 6 months on average after laminoplasty. The curvatures of the cervical spine were classi®ed according to the method described by Toyama et al 13 : curvatures were de®ned as the lordosis type, straight type, kyphosis type or swan-neck type based on the distance from a straight line drawn from the posterior plane of the spinal axis to the posterior plane of the 7th cervical vertebra. As to the presence or absence of buckling-type alignment, evaluation was performed, referring to the analytical data of 100 normal healthy controls: patients demonstrating results at mean+2 SD and above were judged positive for the buckling-type alignment.
Results
Changes in the type of curvature of the cervical spine Before surgery, there were many lordosis type curvatures in both groups, but some patients already showed kyphosis or swan-neck curvatures ( Table 1) . The numbers of patients with lordotic or straight curvature preoperatively were 32 in the laminectomy group, and 58 in the laminoplasty group. As to the development of postoperative abnormal curvatures, ®ve kyphosis and six swan-neck curvatures, a total of 11 of 32 cases (34%) were found in the laminectomy group, whereas only two cases of kyphosis and two swan-neck curvatures were found in the laminoplasty group: the rate was 7% (4/58) or about 1/5 of the rate in the laminectomy group.
Buckling analysis in 100 healthy adults
The age-matched 50 men and 50 women volunteers who had no cervical spine symptoms were analyzed. The value of buckling was 2.89+0.81610 
Development of buckling-type alignment
Cases of development of buckling-type alignment after laminoplasty were markedly fewer than after laminectomy in both the CSM and OPLL patients. In particular, no buckling-type alignment was found after laminoplasty among OPLL patients (Figure 3 ). Buckling-type alignment developed in one (2%) patient who underwent surgery to the 3rd cervical vertebra and below among the 49 laminoplasty patients, and in seven (27%) among the 26 laminectomy patients. Buckling-type alignment developed in three (20%) of the patients who underwent surgery including the 2nd cervical vertebra among the 15 laminoplasty patients and six (55%) among the 11 laminectomy patients.
Time-course of development of buckling-type alignment The development of buckling-type alignment and the subsequent course in the 14 patients who showed buckling after surgery were examined. The bucklingtype alignment developed within 3 months after surgery in most patients, and was not aggravated thereafter. However, one extended buckling-type alignment (more than 10610 74 ) was aggravated with time ( Figure 4 ).
Case presentation
Patient 1 A 58-year-old man with cervical spondylotic myelopathy showed kyphotic deformation after laminoplasty (Figure 5a,b) . The cervical spine was classi®ed as the kyphosis-type and buckling-type alignment did not develop.
Patient 2 A 61-year-old man with ossi®cation of the posterior longitudinal ligament showed the bucklingtype alignment between the 5th and 6th cervical vertebrae before surgery (Figure 6a ). Nine months after laminoplasty, the buckling was not aggravated. In the buckling region, development of ossi®cation of the anterior longitudinal ligament and progression of the OPLL occurred (Figure 6b) . 
Discussion
The development of abnormal curvature of the cervical spine after laminectomy has been reported by many authors. 2 ± 6 Arima examined this problem roentgenographically in detail, and reported that kyphosis or swanneck deformity occurred in 43% of patients after laminectomy of the cervical spine.
14 One of the aims for developing laminoplasty was to prevent postoperative development of abnormal curvature. Various procedures for laminoplasty have been reported 15 ± 19 and the development of postoperative abnormal curvature has been examined with each procedure. 20 ± 24 According to these examinations, the incidence of postoperative abnormal curvature is about 10%, although the de®nition and the observation period diered among investigators. According to our study, laminoplasty not only caused fewer postoperative abnormal curvatures but also induced less bucklingtype alignments than laminectomy. These results clearly indicate that from the aspect of mechanics, laminoplasty is a good procedure.
Regarding postoperative abnormal curvature, many examinations from the morphological view have been performed to date. However, quantitative evaluation of abnormal alignment is impossible with this type of examination. The method of analyzing buckling-type alignment that we have proposed is useful for the quantitative evaluation of abnormal alignments such as angular kyphosis and swan-neck deformity. From the standpoint of the construction of the cervical spine, the mechanical problem is not the mere formation of a curvature but the presence or absence of a bucking-type alignment that causes an unstable condition. Most patients with angular kyphosis and swan-neck have the buckling-type alignment.
In the patients with ossi®cation of the posterior longitudinal ligament, postoperative development of ossi®cation of the anterior longitudinal ligament occurred in the portion of the spine where bucklingtype alignment was present before surgery. This suggests that a mechanical factor, the buckling-type alignment, can aect the stabilizing reaction of the spine. It is of note that on subaxial subluxation after occipito-cervical fusion in patients with rheumatoid arthritis, the region of buckling-type alignment was well correlated with that of subaxial subluxation in our study. 11 Existence of buckling-type alignment is one of the important factors aecting the stability of the spine
